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INTRODUCTION 
Observation has shown that the growth habits of plants are modi-
fied by the space availab1e for their development. Various experiments 
conducted with cotton, corn, grain sorghums and small grains have ~emon-
strated the effect of spacings between plants on their development 
and yield. 
A need for more and newer information regarding varietal response 
to different spacings arises as new varieties are introduced or de-
veloped by agronomic research. The growers unacquainted with these 
new crops or varieties are also in need of inform~tion regarding date. 
of seeding. 
The primary purpose of this paper is to provide information 
leading to the optimum pro~uction of foundation seed from breeders 
seed of sudan grass. More specifically, the aim is to determine 
whether a thin stand or wide Sp$clng rates will materially reduce or 
incre~se yields. 
LITERATURE REVIEW 
Georgeson in Kansas (6)J/ stated that on experiments conducted with 
red kafir corn, the largest yield of grain was obtained when the rows 
were 32 inches apart and the stalks 4 inches apart within the row. One 
year later Georgeson (7) stated that for a maximum grain crop of kafir 
corn on soil of moderate fertility, the plants should stand 4 to 6 i nches 
apart within the row and 9 inches apart within the row on high fer-
tility soils. 
Morrow and Bone in Oklahoma (21) in experiments using white-hu l led 
kafir corn found the seed yields were greater from plots drilled in 
rows than plots seeded broadcast. The largest yields we re obtained when 
the stalks were 3 inches apart in rows 3 feet apart. 
Fields (5) showed that on average upland soils the kafir corn gave 
highest grain yields when planted in rows 3 inches apart with one stalk 
to each 3 or 4 inches. Ball and Leidigh in Texas (1) found that mi lo 
gave greater yields when plants were spaced 6 to 8 inches apart with in 
the row. 
Thick seeding r~tes of less than 2 inches between plants for milo 
appeared to be desirable in Texas, according to Hastings (8). This 
thicker seeding rate resulted in smaller and more easily handled plant 
stumps, gave better s t ands, insure~ earlier and more uniform maturity, 
l/Numbers in parentheses refer to Literature Cited. 
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and produced better yields. A seeding rate of 5-6 pounds per acre 
was recommended. 
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In a series of experiments conducted in Texas, Edwards (3) stated 
that rate and date plantings of sorghums have shown, i n general, that 
the grain sorghums produce highest yields of both forage and grain with 
a stand of one plant every 4 to 8 inches in the row. Sorgos produced 
the best yields, considering both quality and quantity of forage, with 
plants from 2 to 4 inches apart in the row. Karper (12), of Texas, said 
that spacings of 2 to 3 inches between plants gave highest yields when 
space testing milo, kafir and feterita. 
Edwards (4), of Texas, reported the results of seed yields for 
five var ieties of grain sorghums with various within row spacings of 
plants. The spacing of plants within rows that gave highest yields for 
each variety were as follows: 5.5 inches for feterita , 4.6 inches for 
Dwarf milo , 8.8 inches for B1ackhu11 kafir, 4.9 inches for Sumac sorgo, 
and 7.0 inches for Freed sorgo. 
Rothgeb (22), of Texas, stated that Dwarf milo in rows spaced 3f 
feet apart made highest yields when plants were spaced 12 inches apart. 
When rows were spaced 7 feet apart, the highest yield was obtained from 
plants spaced 8 to 12 inches apart. Dawn kafir in rows 3! feet apart 
produced highest yields from plants spaced 15 to 19 inches apart. 
When rows were 7 feet apart, plants spaced 4 to 5 inches apart gave 
greater yields . 
At the Woodward, Oklahoma Field Station, Sieglinger (23) found 
that Dwa rf yellow milo in rows 44 inches apart made highest yields 
when plants were 24 inches apart within the row. In rows 88 inches 
apart, plants spaced 2 inches apart gave the highest yields. Sunrise 
kafir in rows 44 inches apart gave highest yields when plants were 
spaced 12 inches apart, while in rows 88 inches apart, highest yields 
were obta ined when plants were spaced 6 inches apart. 
B1ackhu11 kafi r, studied by Klages (15) in Oklahoma, gave best 
yields when plants were planted in rows 3! feet apart and spaced 8-12 
inches apart within rows. 
4 
Sieglinger (24) reporting on data from spacing experiments at 
Woodward, Oklahoma , stated tha t the milos, convnon feterita, shallu and 
Sunrise kafir all produced similar yields when the spacing of plants 
within rows was from 6 to 30 inches. Spur feterita, the kaoliangs and 
probably all the kafirs except Sunrise show progressive reductions in 
yield for every successive increase in within row spacing of plants from 
6 inches up to 30 inches. 
Swanson (25) conducted expe ri ments at Fort Hays, Kansas, us i ng Dawn 
kafir. Highest yields were obta i ned when plants were spaced 6 to 12 
inches apart within the rows and 40 inches between rows. Klages (1 6) 
reporting on Blackhull kafir grown i n Oklahoma, found that the highest 
yields were from plants 4 t o 6 inches apart in rows 3! feet apart. 
Hartin and Siegli nger (1 9) reported the average optimum spacings 
between plants for the production of sorghum gra in in the Great Plains 
in 1929. They s tated that when rows were 40 to 44 inches apart, the 
optimum spacings within rows were 18 inches for Dwarf yellow mil o, 12 
inches for Sunr ise kafir, 9 inches for feterita and 6 inches for Freed 
sorghum and fo r k~firs other than Sunrise. Wide spacing of plants in 
the rows increased the number of heads per plant and the si ze of heads, 
but decreased the number of heads per acre. There is a slight increase 
in the size of kernels with wide spacing. The best spacing for the 
different varieties of grain sorghum depend largely upon the number 
of heads produced per plant under conditions favorable for tillering. 
Wide spacing delays maturity of the crop by an average of one to three 
days, but has no consistent effect upon the height of the crop. 
Karper and coworkers (13) of Texas, stated that sparsely tiller-
ing types such as the kafirs, Darso, kaoliangs and sorghums of similar 
habit should be closely spaced, 6 to 8 inches within the row for great-
est yields. Hegari and feterita tiller quite freely and should be 
planted so as to allow 6 to 12 inches between plants in the row. Free-
tillering grain types such as the milos should, for best results , be 
given more row space per plant, such as 12 to 24 inches between plants. 
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Klitz and others (14), in Oklahoma, observed that the 40 to 44 inch 
row is satisfactory for sorghums and that the use of wide or alternate 
rows is seldom profitable. The best spacing in the row recommended is 
6 to 9 inches for kafirs, D~rso and Schrock; 9 inches for the feteritas ; 
and 18 inches for Dwarf yellow milo. 
Hood (10) reported on between row and within row spacings of 
Martin, Redlan , Kafir 44-14 and Resistant Wheatland milo. On between 
row spacings of 7, 14, 21 and 42 inches the spacing of 21 inches between 
rows gave highest yields. Within row plant spacings of 1, lf and 2 
inches between plants showed that the highest yield was from plants 
spaced Jf inches within the row in rows 21 inches apa r t. 
Brandon (2) reported that the highest yield of corn in the west 
central Great Pla i ns came when the plants were spaced 24 inches apart 
within the rows and the rows spaced 44 inches apart. For rows spaced 
Bf feet apart, Haynes (9) stated that highest yields came when plants 
were spaced 4 inches apart within the rows. 
Results of millet spacing trials by Li and Meng (18) showed that 
highest yields are obtained when the rows are spaced 12 inches apart 
and the plants are spa~ed 2.to 4 inches apart within rows. 
Kankis and Reitz (11) reported that the highest yields of Clinton 
oats.were obtained when rows were spaced 7 inches apart and the plants 
spaced 5 inches apart within the rows. 
Cotton spacing studies by Mayton (20) in Alabama showed that high-
est yields were obtained when plants were spaced 18 inches apart within 
rows and the rows spaced 2i to 4i feet apart. Lane (17) reported that 
yields in Oklahoma were increased when plants within rows were thinned 
to 15 to 20 inches apart. 
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MATERIALS AND METHODS 
A within row spacing study on yields of sudan grass was conducted 
at the Oklahoma State University Agricultural Experiment Station near 
Perkins in the summer of 1957 on a Norge fine sandy loam upland soil. 
Two types of sudan grass, both of which are adapted and recommended 
for Oklahoma, were selected for study. A sweet sudan grass variety, 
Lahoma, was planted using breeders seed furnished by the Experiment 
Station. The other type planted was a common variety, Piper, of com-
mercial grade seed purchased from a local seed dealer. 
The field layout consisted of two main plots each of which was 
subdivided into four replications in a randomized block design. The 
two main plots had two continuous border rows on each side. Each 
replication consisted of 8 treatments in rows 20 feet long and 3 feet 
between rows. Alley width between replications was 3 feet. Each 
treatment was placed in each replication at random. The treatments 
were composed of 3, 6, 12 and 18 inches within row spacings of plants 
of both Lahoma and Piper sudan grass. The field layout plan is shown 
in Figure 1. 
A study of clippi ng the plants of one main plot after they were 
well estab lished to determi ne the effect on seed yields was added to 
the exper iment. 
A Planet junior single-row, push-type planter was used to seed 
the plots. Seed was planted very thick in order to assure that thin-
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CLIPPED UNCLIPPED 
Lahoma Border Row 
Lahoma Border Row . 
Rep IV Rep 111 Rep 1·1 , Rep I 
6 Lahoma 6 Lahoma 18 Piper _l Lahoma 
Rep IV Rep ··· 111 Rep 1·1 Rep 
6 Lahoma 6 Lahoma 18 Piper _l Lahoma 
18 Pi~ -~-eiper 3 Piper 3 Piper 18 Pi1>.er _ 6 Piper 3 Piper 3 Piper 
12 Pi per 18 Piper 3 Lahoma 18 Piper 12 Pi per 18 Piper 3 Lahoma 18 Piper 
18 Lahoma 3 Lahoma 6 Lahoma ..§. Pi ~er 18 Lahoma 3 Lahoma 6 Lahoma 6, Piper 
3 Laho,ma 12 Lahoma 12 Lahoma 6 Lahoma 3 Lahoma 12 Lahoma 12 Lahoma 6 Lahoma 
3 Piper 12 Piper 12 Piper 12 Lahoma J Piper 12 Piper 1 2 e i.pe.r...., 1 2 Laboma 
6Pi~ 3 Piper 18 Lahoma 1_i__fjj>er . 6 el.per.'-' . 3 P.Lpe.r.. 18 Lapoma 12 e.Lper .... 
12 Lahoma 18 Lahoma 6 Piper 18 Lahoma 12 Lahoma 18 Lahoma 6 PiQ.er 18 Lahoma 
Lahoma Border Row 
Lahoma Border Row 
Figure 1. Field lay-out showing randomization of spacings and locations of varieties 
within block~ for non-clipped and clipped plots. Numbers in front of Lahoma and 
Piper refer to the 3, 6, 12 and 18 inch within row plant spacings . 
CX> 
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ning to the desired within row plant spacings might be accompliihed. 
The seeding date was May 29, which was later than the recommended seed-
ing date for seed production in Oklahoma of May 1 to May 15. This late 
seeding date was necessary because of the heavy, continuous rain 
th rough May. 
On June 17 when the seedlings were approximately 6 inches high. 
each row was thinned to its predetermined spacing between plants. The 
spacings between plants within the row of 3, 6, 12, and 18 inches was 
attained through the use of a yardstick and removing seedlings between 
spacings, making sure the entire plant was removed. Assuming 100 per 
cent germination. the rates of seeding in pounds per acre to get a stand 
equal to the 3, 6, 12 ~nd 18 inch within row spacings are as follows: 
for the Lahoma 1.01, 0.50, 0.25, and 0.18 pounds per acre respect ivel y; 
and for Piper 1.39 , o.69 , 0.35 . and 0. 23 pounds per acre respectively. 
The plants of one of the main plots were clipped to a height of 
6 inches on July 10, at which time they had become approximately 18 
inches tall. This was accomp lished by the use of a hand sickle. 
General cultural methods common to the area were practiced during 
the growing season. 
An abundance of rain fell during the spring and early summer of 
1957, the total rainfall being 31.18 inches from January th rough Maly. 
Following planting , a dry period occurred in late June and July (see 
Table I.). A SiU1Pplement.eil irrigation of lf inches of water w.ais ap,pl ied 
July 30 . There was ample rainfall in August and September. 
The plots were harvested at- a time of maturity when the moisture 
content had decreased sufficiently to allow safe storage of the heads. 




DAILY RAINFALL AT PERKINS, OKLAHOMA, JANUARY 1, 1957 TO SEPTEl'eER 30, 1957 
Day Months 
Jan. Feb. Mar. Apri 1 Hay June July Aug. Sept . 
1 .33 .51 • 81 
2 .31 .74 .90 . 25 
3 .24 . 12 .32 1.48 .09 
4 .32 . 01 .33 .06 .09 
5 
6 .02 .03 .35 
7 .58 . 15 
8 • 70 
9 2.26 
10 .01 .o 1 
11 1.41 • 21 1.88 
12 .22 .o 1 
13 .48 
14 3.06 
15 .06 1.15 2.26 
16 .05 
17 .05 1.07 2.20 .05 
18 . 17 • 14 • 14 .02 • 10 
19 1.52 
20 .68 1.44 3. 19 
21 .08 • 35 . 17 
22 .o 1 • 29 1.39 .49 .57 .04 
23 .27 .03 1.59 
24 .06 .08 .26 1.60 
25 .o 1 • 19 




30 .31 . 16 .88 
31 • 25 .27 
Totals .81 1.19 2.55 6.30 11 . 65 8.68 .85 2.83 7.81 
11 
The plots of Lahoma sudan grass, which matures approximately three 
weeks later than Piper, were harvested October 15. The heads were hand 
harvested and placed in paper bags. The entire 20 feet of each row was 
harvested. 
The heads were threshed with a small hammer mill, the speed of 
which was reduced whereby no visible cracking of kernels was evident. 
The material was then run through a Clipper cleaner No. 28. 
Grain yields were weighed on a grams per plot basis and then con-
verted to a pounds per acre basis. The yields were then analyzed sta-
tistically. 
RESULTS AND DISCUSSION 
As the plants reached maturity, lodging was observed in all the 
plots having 18 inch within row plant spacing and in some of the plots 
with 12 Inch within row spacing. 
Through observation of the clipped and unclipped plots, it was 
found that there was less tillering in the clipped plots. Thus there 
were fewer heads on the clipped plots and maturity was somewhat delayed. 
The unclipped plots of both Lahoma and Piper had higher average grain 
yieldt than those of the clipped plots. 
Pests were no problem during the growing season. Chinch bugs were 
present in nearby pearl millet plots where they did considerable damage. 
They did not reach large enough populations in the sudan plots to become 
t roub 1 esome. Damage from lb i r®1s was neg 1 i g i b 1 e. 
The main purpose of the experiment was to test whether within row 
plant spacings had an effect on seecll production. Therefore, cl ippecll 
and non-clipped plots for each variety were also analyzed separately. 
Due to unequal spacings, the sum of squares for the linear, quadric 
and cubic trends of the treatments were obtained by using the abbreviated 
Doolittle procedure. 
The grain yoelds for different within row spacings of the non-
clipped Lahoma pl~ts are shown in Table II. These data showed that the 
6 inch and 18 inch within r~w spacings gave the highest yields followed 
in order by the 12 inch aind 3 inch spacings. The average grain yields 
TABLE i I 
GRAIN YIELDS IN POUNDS PER ACRE OF NON-CLIPPED LAHOMA SUDAN 
G AASS SPAC i NG STUD I ES AT PERK INS , OKLAHOMA rn 195 7 
Blo.cks Spacing 
Spacing 1 I .2 3 4 /\ver.aiges 
3 inches 811 624 949 · 1128 878 
6 inches 781 938 1126 1221 1017 
12 inches 920 880 965 854 905 
18 inches 1226 934 867 103j 1016 
TABLE ii I 
ANALYSIS OF VARIANCE .OF THE GAAIN VIEU> DATA FROM NON-CliPPED lAHOKA 
SUDAN GRASS SPACING STUDIES AT PERKINS, OKLAHOMA IN 1957 
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for the above 5pacings were 1017, 1016P 905 and 878 p~unds per acre 
respectively. The linear, ~uadric and cubnc trends were not statistical-
ly sognificant (Table iii). 
For the clipped Lahoma plots the grain yields are shown in Table !V. 
The 12 inch within row plant spacing gave the greatest yields followed 
by the 18 inch and 6 inch spacings with the 3 inch spacing giving the 
lowest yield. The average grain yields for the above spacings were 843P 
716, 713 and 678 po~~~s per acre respectively. These trends were not 
statistically different (Table V). 
Grain yiields of the non-clipped !Piper plots aire given in Table VI. 
The 12 inch within row spacing haid the highest yields followed by the 
6 inch, 3 inch and 18 inch spacings in that order. The average grain 
yields for the above spacings were 1660, 1595P 1287 and 1112 pounds per 
acre respectively. There was no st®ti$tic~11y si~nific~nt difference 
in these yields (Table Vil). 
T~ble VJiji shows the seed yields of the clipped Piper plots. The 
spacings giving the hi~hest yields were the 12 inch ~nd 18 inch within 
row pl®nt spacings followed py the 6 inch ~nd 3 inch spacings in that 
order. The avera~e grain yields for the above spacings were 1147 9 1145P 
1024 and 893 pounds per acre respectively. These ~~ta 9 when ana1yzed 9 
showed a positive line~r trend which W®S significant at the 5% level 
(Tab le IX). 
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TABLE IV 
GRAIN YIELDS IN POUNDS PER ACRE OF CLIPPED LAHOMA SUDAN 
GRASS SPACING STUDIES AT PERKINS, OKLAHOMA IN 1957 
Blocks Spacing 
Spacing 2 3 4 Averages 
3 inches 760 477 781 693 678 
6 inches 712 648 736 754 713 
12 Inches 674 874 957 866 843 
18 inches 635 632 726 870 716 
TABLE V 
ANALYSIS Of VARIANCE Of THE GRAIN YIELD DATA FROM CLIPPED LAHOMA 
SUDAN GRASS SPACING STUDIES AT PERKINS, OKLAHOMA IN 1957 





















62 9981 • 20 
(9 9262.61) 
(43,369.81) 











GRAIN YIELDS IN POUNDS PER ACRE OF NON-CLIPPED PIPER SUDAN 
GRASS SPACING STUDIES AT PERKINS, OKLAHOMA IN 1957 
Blocks Spaci·ng 
Seacing 2 J 4 Averages 
3 inches 1000 1202 1501 1445 1287 
6 inches 1883 1938 1238 1320 1595 
12 inches 2555 1574 1333 1178 1660 
18 inches 1112 963 1026 1347 1112 
TABLE VI I 
ANALYSIS OF VARIANCE OF THE GRAIN VIElO DATA FROM NON-CLIPPED PIPER 
SUDAN GRASS SPACING STUDIES AT PERKINS, OKLAHOMA !N 1957 
Sum of Me~n f 
Source of Vari~tion. D. IF'. sgu.aires sgu~re value 
Total 15 2,598,589.9 
B1ocks 3 3n .244.2 
Spacings 3 802.073.21 
LI near (1) (93.183.95) 93,H33.95 
Quadric 0) (70 7 • 5 77 • 68) 707,577.68 4.288 
Cubic 0) 0,311.58) 1,3H .58 
Error 9 1 ,485,272,5 165,030,3 
C. V. : 28. "flo 
TABlE VI I I 
GAA i N YI EU>S i N POUNDS PER ACRE OF Cl I IPPE[l) PI lPER SUDAN 
GRASS SPACING STUDIES AT PERKINS, OKLAHOMA IN 1957 
Blocks Sp<EJcing 
Spacing 2 3 4 Aven~ig,es 
3 inches 818 1003 885 864 893 
6 inches 995 l J 02 1078 920 1024 
12 inches 1259 1101 1090 1139 1147 
18 inch®s 1346 976 10 l] 1246 1145 
TAIBlE DC 
ANALYSIS IOf' VARIANCE Ofr THE GIRArn YIELD [l)J.\TA flROM CUIPIPIED P!lPIER 
SUDAN GRASS SPACING STUDIES AT PEIRK!NS, OKlAHOMA IN 1957 
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Qu~idd C (1) 
Cubic (1) 
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* Jn~ic<EJtes signific<EJnce <EJt the 5% level 





SUMMA.RY AND CONCLUSIONS 
This experiment was conducted In 1957 at the Oklahoma State 
University Agricultural Experiment Station near Perkins~ Oklahoma. The 
study was concerned with the effect of different within row phint spac-
ings on seed production of s~dan grass. The different within row spac-
ings used were 3, 6, 12 and 18 inches, 
Onty lnmited conclusions, which may be modified by future results, 
c@n be drawn. 
C 11 piped amd non-c 1 i ppe<dJ p 1 ot:s of Ls11'loms1 :1i>udan gi 11"<6111 sh©iwe:d no 
signlfkant difference between yiehb, in the differ!Gint within rnw 
spacing treatments. 
Non=cl ipped plou <Olf [lll!per :s,udan gra5s showed no sl\Sjnlfacc;1Jnt 
difference between yield:£ in the crHfforent wlddn row 5pacing trec§lt-
menU. C] ipped pTiou rOJf !Piper 9 however~ shCQlwedl <Bi [PlOSltlve regressi©n 
between within row :£pacing$ and gr~in yields. 
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